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Constellation

ThesReturn to Space Exploration


Presenter
Presentation Notes
KEY POINTS:

Welcome audience.

Introduce yourself.

Tell audience what you do at NASA.

Explain that the topic is NASA’s Constellation Program to send humans back to the moon, and in the future to Mars and beyond.




NASA Authorization Act of 2005

KI'he Administrator shall establish a program\
to develop a sustained human presence
on the moon, including a robust precursor
program to promote exploration, science,
commerce and U.S. preeminence in space,
and as a stepping stone to future exploration
of Mars and other destinations.
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KEY POINTS:

Columbia Accident Investigation Board’s official report stated that human spaceflight would continue to be difficult, and urged a national policy that set goals worthy of the risks.

President Bush Announced the Vision for Space Exploration in February 2004.

Congress gave bipartisan support to the vision with the NASA Authorization Act of 2005.
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NASA'S PLAN FOR SPACE EXPLORATION D N

*

= Complete the International Space Station :
= Safely fly the space shuttle until 2010 L

= Develop and fly the Orion crew exploration
vehicle no later than 2015

= Return to the moon no later than 2020

= Extend human presence across the
solar system and beyond

= Implement a sustained and affordable
human
and robotic program

= Develop supporting innovative
technologies,
knowledge, and infrastructures

= Promote international and commercial
participation in exploration
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KEY POINTS:

NASA is now executing its plan for space exploration that sets reasonable, attainable goals.

This is logical progression for return to the moon while keeping viable human space program.

Uses a “go as you can afford to pay” strategy.

Continues NASA budget at current levels of less than 1 percent of the federal budget -- just six-tenths of a cent per tax dollar.
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GLOBAL EXPLORATION STRATEGY

= Use the moon to prepare for future human and
robotic missions to Mars and other destinations

= Pursue scientific activities to address
fundamental
guestions about the solar system, the universe,
and our place in them

to enable eventual settlement

benefits to life on Earth

- = Strengthen existing and create
new global partnerships

Engage, inspire, and educate the public

= Extend sustained human presence to the moon

= Expand Earth’s economic sphere to encompass “
the moon and pursue lunar activities with direct {7
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KEY POINTS:

NASA has established six themes for exploration

First two focus on relearning the art of exploration

Third and fourth speak to “settling the frontier” and “learning to live off the land”

Fifth indicates the U.S. intends to partner with other nations and companies

Sixth focus on sharing what we are doing and learning, and inviting future generations to prepare themselves to follow through
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COMSTRLATION

Constellation Systems
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Stage (EDS)

J-2X Engine

Interstage

Core Stage
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Ground Systems /
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LUNAR CAPABILITY
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COMPONENTS OF THE CONSTELLATION PROGRAM

Earth Departure Stage %fé
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Ares V:
Heawy Lift
Launch Vehicle

Ares |:
Crew Launch Vehicle

Orion:
Crew Exploration
Vehicle
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KEY POINTS:

Constellation Program includes:

Two launch vehicles (Ares I and Ares V)

Two human spacecraft (Orion and Lunar Lander)

Additional surface support equipment for exploration, resource utilization and scientific research

Constellation vehicles are being designed initially for missions to moon.

Ares V cargo launcher will be big enough to support future missions to Mars.

Ares I and Orion are being designed to transport crews the first and last 100 miles – to and from low-Earth orbit. 
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MAP OF CONSTELLATION CONTENT ACROSS NASA

Ames

= Lead Thermal
Protection System Advanced
Development Program

= Aero-Aerothermal database

= Ares Abort simulations

= Software and Guidance,
Navigation & Control support

F
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Pratt Whitney =
Rocketdyne A

JRIS

= Thermal Protection
System support

Dryden

= Lead Abort Flight Test
Integration/Operations

= Abort Test Booster
procurement

= Flight Test Article

= Development/Integration

Glenn

» Lead Service Module and
Spacecraft Adapter integration

= Flight Test Article “Pathfinder”
fabrication

= Ares |-X upper stage simulator lead

= Ares power, thrust vector control and
sensors lead

= J-2X altitude/in-space testing

= Systems Engineering & Integration support

ATK

‘Lockheed
¥ Martin

Johnson
= Home for Program

g

Langley

= Lead Launch Abort
System integration

= | ead landing system
Adyanced Development Program
Ares |-X vehicle integration

= Ares aerodynamics lead

= Systems Engineering & Integration support

Goddard

= Communications
Support

= Home for Ares Project

= Ares | and V development
and integration lead

= LAS and SM

Systems Engineering &

Integration Support

Home for Projects: Orion,
Mission Ops, EVA, Lunar Lander
Lead Crew Module integration
Orion Spacecraft Integration
GFE projects management
Flight Test Program

Stennis

= Rocket Propulsion
Testing for Ares

Kennedy

= Home for Ground
Ops Project

= Ground processing

= Launch operations

= Recovery operations
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KEY POINTS:

Constellation Program work is distributed across the country

This chart shows areas of responsibility at the 10 NASA centers

Contractors have facilities at many other locations that also support Constellation
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Launch Vehicle Comparisons

131Mt to LEO

BUILDING ON A FOUNDATION OF PROVEN TECHNOLOGIES X
N(Q\SP

120 =
Crew
Lunar
Lander
Lander
) ‘l" Earth Departure
0= 0 Stage (EDS) (1 J-2X)
Qo 226Mt Ib LOX/LH,
= S-IVB
4= Upper Stage ' (1 J-2 engine)
ic 5 (1J-2X) 110Mt Lox/LH,
.% 127Mt LOx/LH,
60 - T+ S-ll
% (5 J-2 engines)
= 450Mt LOX/LH,
) ¥ Core Stage
E B (5 RS-68 Engines)
© 1410Mt LOX/LH,
()
> S-IC
30 4 A& (5F-1)
2 RSRB'’s
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El = =
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Space Shuttle Ares | Ares V Saturn V.
Height: 56m Height: 98m Height: 109m Height: 111m
Gross Liftoff Mass: 2040Mt Gross Liftoff Mass: 910Mt  Gross Liftoff Mass: 3310Mt Gross Liftoff Mass: 2950Mt
53Mt to TLI
25Mt to LEO 22Mt to LEO 65Mt to TLI in Dual- 45Mt to TLI
Launch Mode with Ares | 119Mt to LEO



Presenter
Presentation Notes
KEY POINTS:

Comparison of relative sizes and payload capacity

Ares V will be most powerful American rocket ever built

Putting crews and majority of payload on separate rockets improves crew safety

Orion will have launch abort system, capable of pulling the crew to safety if there’s a problem with Ares I
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HOW WE PLAN TO EXPLORE THE MOON

Project Ares: The Launch Vehicles

ﬁe safest, most reliable and most afforda@_ |

means of meeting mission requirements is a
system derived from proven components

- Builds on heritage from Apollo, space
shuttle,
commercial launch vehicles

- Capitalizes on human rated systems
and existing facilities

- The most straightforward growth path

K to later exploration launch needs /
“

REONSEELLAFION: —
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KEY POINTS:

One crew launch vehicle

One cargo launch vehicle

Vehicles use common components where appropriate

Five-segment solid rocket boosters on both first stages

J-2X engines on upper stages of both rockets




HOW WE PLAN TO EXPLORE THE MOON (\%
: NASA
Ares |I: Crew Launch Vehicle »
i Launch Abort System
/ \ ‘ = Qrion
= Serves as the IOng term crew | (crewmodule/service module)
launch capability for the U.S. -
= 5 segment shuttle-derived ==
solid rocket booster i?i' DTASSN,
o Nevy liquid oxygen / R A
liguid hydrogen upper stage —— A AN ‘N
using J-2X engine - R AVARSN
= Adds Launch Abort System i 'f‘;;-,:;ff
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KEY POINTS:

Heritage from our most reliable launch system

First stage is based on shuttle solid rocket booster

Booster size increased from four to five segments

Second stage uses J-2X engine with Apollo heritage

Incorporates changes from more recent development

Additional refinements to increase power, efficiency

Launch Abort System

Space shuttle does not have launch escape system

LAS could pull entire crew to safety in case of a launch failure

First test launch (Ares I-X) planned for 2009

Test will use existing shuttle four-segment booster

Test will use mass simulator instead of upper stage and Orion

Primary objectives are to test aerodynamic performance of integrated stack and characterize the first and second stages separation environment

First full-up test flight (Ares I-Y) in 2012

Ares I-Y will test:

Assembly, processing and launch from KSC

Launch/ascent environments on first flight of 5 segment solid rocket

Flight control with 5 segment and high-fidelity upper stage mock-up

High altitude Orion launch abort

First stage separation and recovery dynamics

First crewed mission NET 2013 and NLT 2015

Assumes funding at currently planned levels








HOW WE PLAN TO EXPLORE THE MOGON

Ares V: Heavy Cargo Launch Vehicle

%I’ wo 5-segment solid rocket boosters\

= Liquid oxygen / liquid hydrogen core stage
- Heritage from the Shuttle External Tank
- Commercial heritage RS-68 main
engines

= Payload capability:
- 106 metric tons to low Earth orbit
- 131 Metric tons to low Earth orbit
using Earth Departure Stage
- 53 metric tons trans-lunar injection
capability using Earth Departure Stage

Qan be certified for crew if needed /

.E@NSTI:LLFU IE,F:\' =

o

Composite Shroud

LLunar Lander

Earth Departure Stage (EDS)

J-2X Enginety s

Interstage N N

Core Stage
(5 Segment
-2 Solid Rocket. Boosters)

ARES V
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KEY POINTS:

Again, heritage from our most reliable launch system

First stage uses same solid rocket boosters as Ares I

Also uses five RS-68 engines developed originally for commercial/military launch vehicles

Working together with Air Force on further improvements

Earth Departure Stage uses same J-2X engine as Ares I

First test launch (Ares V-Y) planned for 2018




HOW WE PLAN TO EXPLORE THE MOON &
: N(%«_Q_

Orion: The Crew Exploration Vehicle

Orion will support both moon
and space station missions -«
ﬂ)esigned to operate for up to 210 days \ '
in Earth or lunar orbit NINR
T -k
i
1

= Separate crew and service modules

= Vehicle designed for lunar mission with
4 crewmembers |

= Can accommodate up to 6 crewme
for Mars and space station missions

' ! ! = Potential to deliver pressurized and
. anressurized cargo to space static

BEONSTELLATION = D
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KEY POINTS:

Orion has 5-meter diameter (16.5 feet across)

Components include:

Crew Module

Service Module

Launch Abort System

Spacecraft Adapter

Crew module must support longer missions

For lunar outpost development, support

Transit times to moon longer due to larger crews, surface destinations

For ISS crew rotation, emergency return

Orion able to stay docked to ISS for six months



BACKGROUND:

Service module provides propulsion, resources

Engine provides thrust for return to Earth

Solar arrays provide independence from finite fuel supply

Service module uses “encapsulated” configuration 

Outer walls of service module jettisoned once vehicle is out of atmosphere and aerodynamic stresses

Reduces weight

Protects solar arrays, radiators from launch vibration






Orion Elements

ey a8 7 i Sy N R/ N .

Orion Crew Expluratiun Vehicle (JSC) /
- NASA Management and Integration '

» Prime confract Lockheed Martin -
Design, development and production

Spacecraft Adapter (GRC)

» Structural transition to Ares
launch vehicle

* Under Prime contract siis).

Launch Abort System (LaRC)

+ Emergency escape during launch
+ Under Prime Contract

~Crew Module (JSC)
* Crew and cargo transport
* Under Prime contract

" service Module (GRC)
. * Propulsion, electrical
power, fluids storage

» Under Prime Contract
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INTERNATIONAL SPACE STATION SUPPORT

Orion: The Crew Exploration Vehicle

" Transportupto 6 \ )

crewmembers on Orion
for crew rotation

= 210 day stay time

-£mergen-exbi# oat for
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KEY POINTS:

First crewed mission to space station between 2013 and 2015

On first two crewed missions, Orion will dock at existing docking ports and deliver two new docking adapters

Adapters will allow Orion to use same docking system for space station and moon missions
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HOW WE PLAN TO EXPLORE THE MOGON

Orion: The Crew Exploration Vehicle

Orion faces same re-entry speeds,
temperatures, structural stress as Apollo

( Using proven shape saves\
development time

= Shape minimizes re-entry

loads
and provides landing stability

= Orion capsule has twice

Kthe volume of Apollo /

REONSEELLAEION
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Apollo had 3.8 meter (12.4 foot) diameter

Orion has 5 meter (16.5 foot) diameter

Crew and service module roles similar to Apollo

Apollo used fuel cells (with limited consumables) to generate electricity

Orion uses solar arrays for electricity

Additional internal volume allows for larger crew

Additional volume also allows room for important items like a small simple toilet 
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THE LUNAR LANDER

NASA’s Goals for Lunar Lander

MG ENSTELLATION:

W

Transport 4 crewmembers
to and from the surface
- Visits start with 7 days on surface

crew rotations
= Global access capability
= Return to Earth anytime

= Deliver about 16 metric tons of
dedicated cargo

= Provide airlock for surface activities

= Descent stage:
- Liquid oxygen / liquid hydrogen
propulsion

= Ascent stage: ™
- Storable propellants

- Length of stays increases step-by-st¢
- Builds up to 6 month lunar outpost

\1%4
©
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Lunar lander project taking a lean approach, using a small team of engineers to develop conceptual designs

Lander team is getting perspective of those from Apollo days who have “been there, done that”

Apollo designed to support landings only in narrow band around moon’s equator

But Constellation lander will support landings almost anywhere on the moon’s surface

Lander team just completed first design cycle.

Biggest challenge is weight, since every pound delivered to the lunar surface is dependent upon resources launched for all stages of the mission 

Plan is to begin building outpost as soon as possible
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TYPICAL LUNAR REFERENCE MISSION

- Ares V liftoff; solid rocket booster separation

- Earth Departure Stage performs Earth orbit insertion

- Payload shroud separates to expose Lunar lander

- Ares | liftoff; first stage and upper stage separate

- Upper stage performs Earth orbit insertion; Orion separates
- Orion docks with Lunar module and Earth Departure Stage .
- Earth Departure Stage fires for lunar destination - .
- Orion and Lunar lander separate from Earth Departure Stage
- Lunar orbit insertion

- Lunar lander separates from Orion

and lands on moon
- 4 astronauts conduct lunar activities
- Lunar lander ascent stage lifts off from surface
- Ascent stage and Orion dock for crew transfer
- Orion performs trans-Earth injection burn
- Orion and service module separate

and re-enter Earth’s atmosphere
- Orion decelerates through Earth’s atmosphere
- Parachutes open; capsule descends

for landing and recovery
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The 2 Typical lunar reference mission charts are optional if the animation is used

KEY POINTS:

This is one way of looking at a typical lunar landing mission.
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CONSTELLATION CAN LAND ANYWHERE ON THE MOON

Previous Missions Landed in Equatorial Band

North Pole
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KEY POINTS:

Apollo missions landed only on the near side of the moon, around the lunar equator, because of Saturn V weight limitations and need for direct communication with Mission Control was needed for safe landings and operations 

NASA decided it was important to be able to explore and use any area of the moon. 



Near side sites of interest:

Aristarchus Plateau: Contains unusual rock types that may be good resources for processing.

Rima Bode: High-titanium deposits may be good resources.

Mare Tranquillitatis: High-titanium deposits near the Apollo 11 landing site

Oceanus Procellarum: Youngest lavas on the Moon, high-titanium.

Orientale Basin Floor: Youngest major basin on the Moon with regolith feedstock for resources.

Far side sites of interest:

Central Far Side Highlands: Ancient, primordial crust of the Moon with aluminum and calcium-rich regolith.

Smythii Basin Floor: Ancient basin on the eastern limb of the Moon with young basalts that could explain moon’s thermal history. Possible high-iron deposits.



BACKGROUND:

-The former Soviet Union conducted a series of 24 robotic “Luna” missions to the moon between 1959 and 1976

-Not all of the probes landed






L unar Mission

Click link below:
1) Click on middle of map to load site
2) Go to Missions tab and Select Lunar
3) Click Play button and turn up volume:


Presenter
Presentation Notes
Typical Lunar Reference Mission charts can be used instead of animation

KEY POINTS:

Takes about three days to travel from Earth orbit to lunar orbit

How soon the crew will land depends on mission design and objectives

This animation shows the sequence of events for a typical moon mission



http://www.explorationworkforce.com/draftmap

=
POSSIBLE SOUTH POLE OUTPOST

= The lunar South Pole is a likely
candidate for an outpost site

= Several areas with greater than
80% sunlight and less extreme
temperature swings

= Elevated quantities of hydrogen,
possibly water ice in permanently
shadowed craters

= Step-by-step outpost construction:

- Power system

- Communications/navigation
- Habitat

- Rovers

REONSTELLATION== —— B2
_LUNAR LANDER
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KEY POINTS:

Poles provide almost constant sunlight

Minimizes the extreme surface temperature swings that occur between sunny and shady spots

Daytime temperature is as high as minus-120C; night time as low as minus-185C (that’s minus-184F to minus-301F)

Nearby craters almost permanently shaded

May contain hydrogen deposits or water ice

Continuing on from previous chart, here are sites of interest at the poles:

North & South Poles: Near-permanent sunlight provides access to solar power and nearby extremely cold, permanently shadowed craters that may contain water ice 

South Pole-Aitken Basin Floor: This site is on the floor of the basin, which possibly exposes the lower crust or upper mantle of the Moon for researchers. Knowing a planet’s composition throughout it’s interior helps us understand its origin and make-up

Shakelton Crater at the South Pole: This crater was believed to have been formed by an impact relatively late in the creation of our solar system. Studying it will help us understand how the solar system and Earth formed, and help us locate Earth-like planets around other stars
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THE FIRST STEP TO MARS AND BEYOND

s

*

~® Regaining and extending
operational experience in a hostile

planetary environment

= Developing capabilities needed for

opening the space frontier

= Preparing for human exploration

of Mars

= Science operations and discovery

~

4

T

il



Presenter
Presentation Notes
KEY POINTS:

Moon missions will help us learn what we need to know to go to other worlds

Operational techniques

Long-duration living in low-gravity environments

Interaction between Earth support teams and crews

Supply chains

To date, all human space vehicles have been designed for Earth access return and repair.

Long-duration reliability in harsh environments of other planetary surfaces is a new challenge

We’re learning about long-duration reliability in space with the International Space Station

Moon missions will teach us how to design, build and operate systems that can stand up to challenging surface conditions and keep working.






Using Current Shuttle Workforce and
Infrastructure

L

 Ares |I-X Test Flight 2009

— Comprised of re-outfitted
SRB serving as the first
stage

— Launching from the Shuttle
Mobile Launch Platform

— Relies on current KSC/USA
Ground Precessing
workforce and facilities



“Put foot prints next to tire prints on Mars”
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KEY POINTS:

Gene Cernan and Jack Schmidt were the last humans to visit the moon

These were Cernan’s words as he left the final Apollo-era footprint on December 14, 1972

The Constellation Program is working to live up to his promise
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